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a b s t r a c t 
The energy crisis and environmental problems have resulted in an increase of biofuels production. How- 
ever, the production cost is the biggest commercialization drawback for fuels such as biodiesel; the high- 
est cost in its production chain is associated with the raw material. Biodiesel is usually produced from 
vegetable oils; nevertheless, water supplies, fertilizers and large land areas are required for its produc- 
tion. An alternative is to use animal fat as the most economic raw material for biodiesel production. It 
does not compete with food safety and reduces the environmental impact caused by an inadequate dis- 
posal. But the use of biodiesel causes damages on some different parts of unmodified diesel engines and 
decrease their performance. Therefore, it is necessary to study additives that modify the thermodynamic 
and transport properties of biodiesel such as density, viscosity or surface tension. The aim of this research 
is to present the goal, scope and life cycle inventory necessary to evaluate the potential environmental 
impacts of ternary diesel + biodiesel + additives blends, as biofuels through life cycle assessment. Mass 
of reagents and blends components were identified, while they have already been tested and validated 
from the experimental data. The life cycle scenarios will include beef tallow, biodiesel, diesel and addi- 
tives production, mixing processes, and blends combustion. 
© 2020 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license. 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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(. Introduction 
Anthropogenic pollutants are mainly greenhouse gases (GHG)
mitted by activities carried out by different economic sectors
uch as: agriculture, industry, transport and electricity generation.
ransport accounts for 14% of global GHG emissions, with most
arbon dioxide emission coming from the combustion of fossil fu-
ls ( Edenhofer et al., 2014 ). In this sector, internal combustion en-
ines are widely used due to their high efficiency, however, GHG
missions from fossil fuels burning are currently one of the main
oncerns worldwide due to their effects on the climate and human
ealth. 
For 2013 in the European Union, 19.2% of GHG global emissions
ere generated by the transport sector, whereas in the United∗ Corresponding author at: Facultad de Ciencias Químicas, Universidad Autónoma 
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 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) tates and Mexico, transportation contributed with 27% ( Zhang et
l., 2016 ) and 26% ( INNECC Instituto Nacional de Ecología y Cam-
io Climático 2015 ) of GHG emissions, respectively. This problem
as increased the interest for producing alternative fuels. Recently,
iofuels such as biodiesel, bioethanol, and biogas have been used
ecause they are said to have a higher regeneration in the life cy-
le ( Cano-Gómez et al., 2017 ). Also, they are meant to reduce a
ountry’s fossil fuel dependency ( Barabás, 2015 ). 
The 95% of biodiesel is produced from vegetable resources as
egetable oils ( Leung et al., 2010 ), these are the main raw materi-
ls because are renewables and can be produced at a large scale.
evertheless, water supplies, fertilizers and large land areas are re-
uired for its production, and its use could threaten food security.
n alternative is to produce biodiesel from waste oils or animal
ats ( Leung et al., 2010 ). 
Until 2015 México was the seventh largest beef producer, with
.8 million of ton per year and more than 1.1 million cattle ranches
 Huerta et al., 2016 ). Tallow is classified in the international mar-
et as a waste or by-product of different industries, as examples
re the leather or beef industries ( Adewale et al., 2015 ). In theunder the CC BY-NC-ND license. 
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t  Nomenclature 
GHG Greenhouse gasses 
BT Beef Tallow 
HC Un-burned hydrocarbons 
CO Carbonmonoxide 
AD Additive 
NOx Nitrogen oxides 
LCA Life Cycle Assessment methodology 
CO 2 Carbon dioxide 
PM Particulate matter 
H 1-Hexanol 
O 1-Octanol 
B Biodiesel 
D Diesel 
DW Distillate Water 
slaughtering process, beef tallow (BT) is a by-product together with
hides, blood, bones and innards ( Esteves Peçanha et al., 2017 ), so
its use as a raw material allows to produce biodiesel at low cost
and reduces environmental impact caused by an inadequate dis-
posal ( Adewale et al., 2015 ; Espinosa da Cunha et al., 2009 ). 
In some countries like Brazil since some years ago, most BT has
been used for biodiesel production, about 72% of the total tallow
generated in the country ( Espinosa da Cunha et al., 2009 ; Geraldes
Castanheira et al., 2014 ). Before of this, BT was used for cleaning
and hygiene, chemical purposes, animal feed and as fuel in boilers
( Gomes et al., 2009 ). However, most of it was frequently inciner-
ated or disposed in landfills ( Esteves Peçanha et al., 2017 ). For that
reason, BT is a potential raw material to produce biodiesel, get-
ting high quality and good conversion rates ( Vargas-Ibáñez et al.,
2018 ). Biodiesel has become one of the most important alterna-
tive biofuels because can be used without or with little modifica-
tion in diesel engines ( Gülüm and Bilgin, 2018 ). Some advantages
of biodiesel are related to its use as fuel, since it reduces the ac-
cumulation of un-burned hydrocarbons (HC) and carbon monoxide
(CO) and particulate matter emissions. 
In addition, it is renewable, biodegradable, nontoxic, and it has
a high cetane number and flash point, which favors immediate
combustion; increasing engine performance and decreasing emis-
sion of solid particles ( Cano-Gómez et al., 2017 ). Also, biodiesel
presents some disadvantages to conventional diesel; its use may
increase nitrogen oxides emissions, it has less calorific value and
volatility, highest cloud point and highest viscosity value, density,
and surface tension ( Gülüm and Bilgin, 2018 ). These disadvantages
can be overcome using alcohols as additives (AD) ( Cano-Gómez et
al., 2017 ; Vargas-Ibáñez et al., 2018 ; Liu et al., 2011 ; Barabás and
Todoru, 2011 ; Makareviciene et al., 2015 ; Lapuerta et al., 2017 ). 
Then additives to biodiesel can improve thermodynamic prop-
erties, but some emissions as nitrogen oxides (NOx) can increase
depending on the additive, for that reason, it is necessary to com-
pare the environmental impact generated by the production and
use of biofuels blends diesel + biodiesel + alcohol and diesel. 
Understanding the environmental impacts caused by the biofu-
els production and their use has been an important focus of re-
search in recent years, because through a technical - economic
- environmental analysis it can be evaluated the viability to im-
plement an alternative fuel to conventional diesel. Life-cycle as-
sessment (LCA) is an international standardized methodology for
assessing the environmental impacts associated with a bioenergy
system ( Environmental management 2006 ; Environmental man-
agement 2006 ). This technique allows the evaluation of different
impact categories and the resources consumed during the genera-
tion and use of different products ( Varanda et al., 2011 ). The pur-ose of this work is to present the initial steps of an ongoing en-
ironmental assessment study. It will show the goal, scope and life
ycle inventory necessary to produce diesel + biodiesel + additive
lends when beef tallow biodiesel is produced at laboratory scale,
n order to compare the potential environmental impact of differ-
nt scenarios through LCA. 
. Background 
.1. Biodiesel production from beef tallow 
The main difficulty for the biodiesel commercialization is its
igh cost compared to diesel, between 70-90% of the cost of
iodiesel is due to the production of vegetable oils that are used
s raw material ( Taravus et al., 2009 ). Therefore, the use of animal
ats is an alternative to reduce the production costs of biodiesel.
ome research on biodiesel from BT has been carried out, however
nimal fats have not been studied extensively like vegetable oils. 
Bankovi ´c-Ili ´c et al. (2014) compared the properties of biodiesel
roduced from three large groups of raw materials: vegetable oils,
nimal fats and used cooking oils. They studied different trans-
sterification methodologies for the conversion of animal fats to
iodiesel, analyzing the pretreatment required and the conditions
or carrying out the transesterification reaction. The authors con-
luded that the use of animal fats as raw material significantly de-
reases the cost of biodiesel and makes it competitive with fossil
iesel. 
Esteves Peçanha et al. (2017) studied the biodiesel production in
 pilot plant using BT as a raw material with methanol and potas-
ium hydroxide as catalyst. Authors found that biodiesel quality
as according with the Brazilian specifications (Resolution 42) by
he National Agency of Petroleum. They concluded that economi-
ally, it is necessary to improve the methanol and glycerol recovery
n order to decrease the prices and use the process at the indus-
rial scale. 
.2. Exhaust emission characterizations of a diesel engine operating 
ith mixtures diesel + biodiesel + alcohol as fuel 
The use of alcohols as additives for biodiesel, had been asso-
iated with the reduction of carbon dioxide (CO 2 ) emissions and
articulate matter (PM), that is the reason why a big interest ex-
sts in analysing the emissions that are being generated when
iodiesel + alcohol and diesel + biodiesel + alcohol mixtures are
sed as fuels. Zhang and Balasubramanian (2016) evaluated the ef-
ect in mixing n-butanol and n-pentanol with biodiesel in 10% and
0% alcohol over the PM emissions. They conclude that all of the
ixtures reduce the emissions of PM, with sizes over 50 nm, how-
ver, the particle emissions with a minor diameter than 15 nm in-
rease for the mixtures with butanol. 
Nowadays the use of 1-hexanol and 1-octanol as additives of
iodiesel-diesel had been studied for the evaluation of its effect
ver the combustion gases emissions. Babu and Anand (2017) anal-
se the emissions generated by a diesel engine when biodiesel
B) + diesel (D) + n-hexanol (H) mixtures are used as fuels, the
valuated mixtures were B90-D5-H5 and B85-D5-H10. They found
hat the emissions of CO were minor for their mixtures than
he diesel, meanwhile the emissions of CO2 were greater for the
ernary evaluated mixtures. 
.3. Environmental evaluation of alternative fuels through life cycle 
ssessment 
Different researches have been done with the aim of evalu-
ting the environmental impact caused by the biodiesel produc-
ion from different raw materials when the life cycle assessment
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Table 1 
Scenarios of study. 
Scenario Mass fraction of biodiesel Mass fraction of diesel 
B5H5D90, B5O5D90 0.05 0.90 
B15H5D80, B15O5D80 0.15 0.80 
B25H5D70, B25O5D70 0.25 0.70 
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Fig. 1. Representation of biodiesel and alternative fuel production. 
Fig. 2. System limits. 
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b  ethodology has been used. Kaewcharoensombat et al. (2011) in-
estigated two scenarios to biodiesel production from vegetable
il. They compared two different catalysts, sodium hydroxide and
otassium hydroxide, in terms of environmental impact and opti-
um operation. Life cycle assessment was used to estimate envi-
onmental impacts in three categories: human health, ecosystem
uality and resource depletion. The authors found that the process
sing sodium hydroxide generate more environmental impacts on
uman health and the ecosystem; however, resource depletion was
ower. 
Another way is to produce biodiesel from non-edible raw ma-
erials, Carvalho et al. (2019) realized a life cycle assessment of
iodiesel production from Solaris seed tobacco, they considered to-
acco cultivation and harvesting, and oil extraction and transes-
erification assuming that the combustion of biodiesel from sev-
ral plants is similar. Authors found that the greatest environmen-
al impacts are related to the use of energy in the transesterifica-
ion step. The production of Solaris tobacco seed biodiesel causes
mpacts similar to those that are identified for other oilseeds;
owever, the values were higher because the production was per-
ormed on a pilot scale. 
. Methods and results 
The life cycle assessment will be performed according
o ISO 14044 methodology ( Environmental management 2006 ;
nvironmental Management 2006 ). The LCA consist of four steps:
efinition of goal and scope, life cycle inventory analysis, life
ycle impact assessment and life cycle results interpretation
 Environmental management 2006 ; Environmental Management
006 ). The environmental impact evaluation will be made using
imaPro as a computational tool that allow to identify the differ-
nt environmental impact categories. 
.1. Goal and scope 
.1.1. Goal definition 
The goal of the study is to determine the potential environ-
ental impacts and energy performance of a system to produce
iodiesel from beef tallow and mixtures diesel + biodiesel + addi-
ive (cradle to gate approach). A second step will be to investigate
he effect of using these mixtures as an alternative fuel when using
 diesel engine. 
The biodiesel production is based on the methodology proposed
y Vargas-Ibáñez et al. (2018) . Fig. 1 shows a diagram with the
ethodology for biodiesel and alternative fuel production. Ternary
lends will be prepared in the mass fraction range of diesel from
0.70 to 0.90) and in mass fraction range of additive and beef tal-
ow biodiesel between (0.05 and 0.25). Densities and viscosities of
ernary mixtures must be compliant with the EN 590 standard. 
As a first approximation, six scenarios are proposed, us-
ng 1- hexanol (H) and 1-octanol (O) as additives for diesel
D) + biodiesel (B) blends, to start the analysis, mass fraction of
lcohol is established as constant. Table 1 shows the composition
or different mixtures. .1.2. Functional unit, system boundaries, and common assumptions 
The functional unit is 1 GJ of energy generated by the mixtures
ombustion ( Mahbub et al., 2019 ). The system that will be stud-
ed is illustrated in Fig 2 . The system boundary is separated into
our steps: beef tallow generation, biodiesel, diesel and additives
roduction, mixing process and combustion of blends as biofuels.
or this preliminary study supplies to produce beef tallow, as well
s material goods (e.g. heating irons, reaction equipment, washing
quipment) and transport were not contemplated. 
.2. Life cycle inventory analysis 
For the inventory, literature data will be used for the beef
allow generation and experimental data for biodiesel production
rocess. Ecoinvent database will be used ( Rio et al., 2019 ). Fig.
 shows supplies requirements for biodiesel + diesel + alcohol
lends in order to produce 1 GJ of energy. Inventory of biodiesel
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Fig. 3. Mass fraction of diesel, biodiesel and alcohol to obtain 1MJ of energy. 
Fig. 4. Energy requirements of biodiesel production to obtain 1MJ of energy. 
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L  is presented in terms of supplies for biodiesel production. For the
different scenarios blends with 25% of biodiesel require approxi-
mately 5% more mass of blend to generate the same quantity of
energy when 1-hexanol and 1-octanol are used as additives, this
is due to the calorific value differences between diesel, biodiesel
and additives. However, blends with 1-octanol as additive require
2% less mass of mixture in comparison with blends with 1-hexanol
to obtain the functional unit value proposed. 
In order to start with energy inventory, biodiesel production
process was evaluated for the proposed scenarios. Fig. 4 shows en-
ergy requirements in GJ to produce biodiesel from beef tallow, in
this case an increase of 80% in energy consumption was observed
for blends with 25% and 5% of biodiesel. This increase is related
with the biodiesel mass required for the different blends. 
4. Conclusions and future work 
This study highlights the importance to analyze the environ-
mental impacts in the production and use of alternative fuel pro-
duced with diesel + biodiesel from beef tallow + alcohol, to find
a relationship between the variation in the mass of supplies and
the generation of impacts. The first analysis done with generic data
from Ecoinvent 3, using ILCD + 2011, show a difference about 20%oncerning the emissions generated by the different mixtures. The
ata and model have now to be refined, to allow the comparisons
f the environmental impacts generated when an intern combus-
ion engine is used with diesel produced from fossil fuels and with
ifferent mixtures diesel + biodiesel + alcohol. Because the cur-
ent results have been establish at the laboratory scale, it will be
lso necessary to think about how this will be upscaled and to an-
icipate the impacts and rebound effects in case of a larger adop-
ion of those new biofuels using beef tallow. The objective is to
se the final LCA model to help decision making for the biodiesel
ut also to guide the design of the associated industrial production
rocesses. 
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